Introduction

Members of the Rho family of small GTPases regulate
Results a wide range of cellular effects, including the assembly and organization of the actin and microtubule cytoskele-CNK1 Associates with Rho-Specific GEFs tons, gene transcription, cell cycle progression, and celWe previously showed that the Rho target protein, lular transformation [1, 2] . In response to extracellular CNK1, can interact with another Rho target rhophilin cues, Rho GTPases are stimulated to "switch" from an [12] . To extend this observation and explore the possibilinactive, GDP bound conformation to an active, GTP ity that CNK1 acts as a scaffold protein, we looked for bound conformation through the action of guanine nupossible interactions with Rho-specific GEFs. Exprescleotide exchange factors (GEFs) [3, 4] . A cellular resion vectors for FLAG-epitope-tagged CNK1 and mycsponse is subsequently generated through the interacepitope-tagged GEFs were cotransfected into HeLa tion of target proteins, or "effectors," with the GTP cells and CNK1 was immunoprecipitated. As shown in bound (active) form of the GTPase [5] . Figure 1A , CNK1 coimmunoprecipitates with two RhoMore than 60 GEFs for Rho GTPases have been identispecific GEFs, Net1, and p115RhoGEF, although we fied in the human genome [4] , and over 50 target proteins cannot detect an interaction with another Rho-specific have been isolated for Rho, Rac, and Cdc42, the three GEF Lbc or with the Cdc42 GEF cDEP. best studied members of the Rho family. This raises the To characterize further these biochemical interactions, we tested the ability of CNK1 to interact with *Correspondence: a.schmidt@ucl.ac.uk 1 Figure 6C , c-Jun phosphorylation is severely abrogated in HeLa.sihCNK1 cells (22.3% Ϯ 9.4% and 30.7% Ϯ 13.2%, relative to wild-type levels set to 100% in response to serum and S1P, respectively), and this is rescued by expression of CNK1*, though stress fiber formation in HeLa.sihCNK1 cells is indistinguishable from wild-type HeLa cells (data not shown).
Discussion
We report here that the Rho target protein CNK1 acts as a scaffold protein in the JNK MAP kinase cascade. It interacts with two Rho-specific GEFs, Net1 and p115RhoGEF, but not with Lbc, another Rho-specific exchange factor. It also interacts with members of the MAPKKK family, MLK2 and MLK3, and with one of the two MAPKKs that activate JNK, MKK7, suggesting that CNK1 acts as scaffold protein to facilitate the Rhodependent activation of the JNK MAP kinase cascade. In agreement with this, we have found that CNK1 can form a complex with multiple components of this signaling cascade and that activation of the JNK pathway in HeLa cells by two agonists, serum and S1P, is Rho-and CNK1-dependent, whereas activation of stress-fiber assembly is Rho dependent but CNK1 independent. We conclude from this that scaffold proteins likely play a key role in defining signal transduction pathways downstream of Rho GTPases. Over a dozen potential target 
